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1. 

Althau@;h the first observation of low energy (a few hundred ev 

to a few kev) electrons in the magnetosphere dates back to the early 

days of space exploration (Gringauz et al., 1960), detailed studies 

of these particles have been undertaken only in the,last few years. 

The launch of Vela 2 in July 1964 initiated the first extensive survey 

of the lar energy electron pcrpulation. 

analyzers aboard the Vela satellites (Bane et al., 1966, 1967) showed 

that the lar energy electrons form part of a plasma sheet stretching 

Observations witheelectrostatic 

across the tail of $he mgrietosphere, with a broad, quasi-thermal, 

non-Maxwellian energy spectrum peaked in the vicinity of 1 kev. However, 

the orbits of the Vela satellites are circular and hence all their 

observations are confined to geocentric radial distances near 17 Re 

(earth radii). A cmlmen*q survey of low energy electrons, to study. 

their distribu'tion in radial distance, first became possible a few months 

I 

after Vela 2, with the launch of GO-1 into 9 highly eccentric orbit on 

September 5, 1964; this satellite carries, among its many experiments, 

a Faraday cup to detect electrons in the 100 ev - 2 kev range. 

be reporting results obtained with this detector and a similar one 

flown two years later on WO-3. 

J shall 

How the modulated Faraday cup works has already been discussed at 

this meeting by Dr. Binsack and I shall not repeat U s  description. 

The OGO-1 instrument measures electron flwes in four overlapping energy 

windows covering the range l.25-2OOO ev; the a)O-3 instrument has a same- 

what wider energy range:, extending dawn to 40 eve Both have relatively 

high time resolution: 

measured every 9.216 seconds in OGO-1, every 4,608 seconds in 060-3. 

the currents in all fowr energy windows are 
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The geocentric distaces at apogee of OGO-1 and UGO-3 axe 24.4 and 

20.2 Re, respectively; both have highly eccentric orbits, with inclim- 

tions near 31’ (initially), and initial apogee directions toward the 

magnetospheric tail on the dusk (evening) side of the earth. Obser- 

vations within the magnetosphere that have been analyzed to date refer 

primari2.y to the local time range approximately between 17 and 22 hours. 

An extensive description of the instrumentation, orbits, methods of 

analysis, etc. has been given elsewhere (Vasyliwmas, 1968). 

In this paper I will first briefly describe the general configura- 

tion of the plasma sheet and then discuss in BOW detail the termination 

of the plasma sheet on the earthward side and its relation to magnetic 

bay activity. 
I 

Figure 1 shows a sketch of the law energy electron distribution 

in the eqmtorial. region of the magnetosphere, as inferred from Vela 

and OGO observations. 

as a region of greatly enhanced law energy electron fluxes; the electron 

population within it is characterized typicaUy by density e! 0.3 - 1 emn3, 
meA energy 

The dominant feature is the plasma sheet, observed 

0.5 - 2 kev and energy density 4Z 1 kev emm3, equal to 

the energy density of a $5 207 magnetic field (see Bame et al., 1967, 

and Vasyliunas, 1968, for a detailed discussion of these ’ qyantities) 

The plasma sheet extends across the entire tail from the dusk to the 

dawn boundaries of the magnetosphere, as first shown by the Vela obser- 

vations. 

radlal distance. 

sharply bounded ’by the magnetopause. Going imaxd toward the earth, the 

plasma sheet i s  also observed to have a sharp, well-defined ternination; 

On the dusk side the OGO satellites have mapped its extent in 

Going outward from the earth, the plasma sheet is 



this inner boundary of the plasma sheet, as I shall ca l l  it, inside of 

which only very weak or no low energy electron fluxes are found, occurs 

throughout the evening sector at  a radial distance (near the eqyktorial 

plane) that is typically l.3. - C 1 Re; this is close to, perhaps somewhat 

farther than, the ___. uuter b o u n w  of the high energy trapped radiation 

belt, as inferred f'rcrm observations 05' 40 kev and higher energy elec- 

trons (Frank -3 1965; Serlemitsos, 1966). 

plasma sheet extends aver the entire range so far studied i n  the OCO 

data, from 22 hours (where CGO-L observations overlap those of Vela) t o  

less than 17 hours; the plasma sheet i s  not confined t o  the t a i l  but 

extends past the dusk meridian into the dayside magnetosphere. 

between the flaring-out magnetopause on one side and the nearly circular 

inner boundary on the other, the plasma sheet becomes very nar row indeed 

Finally, i n  local t-e the 

Wedged 

as one moves t o  earlier 10ca.l. times, but nevertheless it is clearly 

present ( i t  has aLready been observed by 0 - 3  "at 60' from the subsolar 

point, where its radial extent is only 1 Re). 

Figure l i s  a view in the equatorial plane; a sketch of the eleciiroa. 

distribution i n  a l a t e  evening meridian plane (along the l ine CC' i n  

Figure 1) is sham i n  Figure 2. As established first by Vela at a radial 

distance of 37 Re and sxibsequently conf'irmed by CGO-3 over a wide range 

of distances, the plasma sheet is confined t o  the equatorial region, 

within several Re above and belar the magnetic neutral sheet i n  the t a i l  

and within a sQnilar distance of (roughly) the geamagnetic equator on 

the dusk side. 

t o  the magnetopause a t  higher latitudes, contrasy t o  the suggestion of 

Dessler and Juday: (1965); the plasma sheet appears t o  be a phenomenon 

Xn particular, 0 - 3  does - not detect a plasma sheet next 
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purely of the equatorial region of the magnetosphere. 

boundary has been traced by CGO-3 up to the highest latitudes ( $$ 40') 

explored by it, and appears to have the shape, very roughly, of a dipoLar 

field line. 

high latitudes ( > 60'); what there is, the single traversal of this 

region by Mars 1 (Gringauz et al., 1964), suggests that the plasma sheet 

comes down near the auroral zones, in the horn-like fashion shown. 

The inner 

There is as yet little bta on the electron distribution at 

Summarizing, the spatial extent of the plasma sheet can be described 

in terms of three boundmies. 

outside'laterally, by the magnetopause. Second, it is bounded on top 

and bottom, roughly by planes parallel to the magnetic neutral sheet. 

And third, it is also bounded on the insidR, roughly by a mgnetic shell 

that crosses the equator at a distance of k! ll Re. 

First, the plasma sheet is bounded on the 

If the first boundary 

is obvious and the second had been theoretically predicted (Axford et al., 

1965; Dessler and Juday, 3.96~)~ no one to my kpowledge had predicted the 

third, the large apparent "hole" within the low energy electron population. 

The rest of this paper will be largely concerned with this unexpected 

inner boundary and some even more unexpected features of it. 

Figure 3 shows a typical example of' 000-1 observations during an 

Plotted are the currents in the inbound pass near the dusk meridian. 

four energy- windows as f'unctions of time, with the lowest energy at the 

bottom of the figure and the highest at the tap; the radial distance and 

the sun-earth-probe angle are indicated. 

sponding orbit on the geomagnetic and solar magnetospheric meridian 

The projection of the corre- 

planes is given in Figure 4; typical of most of the OGO-1 orbits during 

this period, the jinbound pass begins somewhat high but soon comes down 
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and stays close to both the geomagnetic and the solar magnetospheric 

equatorial planes. 

near 19 Re, the satellite is in the magnetosheath, as identified by 

a proton detector; the highly variable fluxes confined to the lowest 

From the beginning of the pass until the data gap 

one or two energy channels are typical of the magnetosheath electron 

populatibn, indicating that one is observing merely the high energy 

tail of a distribution whose peak lies below 100 ev (Vasyliunas, 1966). 

Somewhere within the data gap the satellite crosses into the magneto- 

sphere. 

dista,nce of 16.4 Re it encounters the intense fluxes typical of the 

plasma sheet. 

the two highest energy channels, indicating a typical plasma sheet spec- 

trum with a peak somewhere between 500 and 1000 ev. 

the rapid changes at ll Re marks the inner boundary of the plasma sheet. 

Note that the highest energy flux decreases first, then the next highest; 

in the two luwest energy channels the fluxes actually first increase and 

then decrease to the background level. 

the inner boundary, moving toward the earth, the position of the peak in 

As it approaches the equatorial region (Cf. Figure &), at a 

From 13.6 to ll Re the strongest fluxes are observed in 
\ 

Then, the onset of 

In other wordsI as one crosses 

the electron energy spectrum shifts rapidly to lower energies. 

behavior is invariably observed on every crossing of the inner boundary 

and is perhaps its most unexpected feature; naively one would have 

thought that in approaching the energetic trapped radiation belts the 

This\ 

plasma sheet electrons would shift upward in energy and merge with the 

trapped particle population. 

Inside of the inner boundary only very weak or no electron fluxes 

are observed; in Figure 3 f r o m  10 to 5.6 Re the signals in all four 



6. 

channels are at background level. 

represent the telemetry zero; the background signal is half a unit or so 

above it, primarily due to the non-linear electronics). Beginning at 

5.6 Re the signals drop belaw - the background level to zero; this effect 
is always observed at distances of 4-6 Re whenever data is available and 

marks the entry of the satellite into the plasmasphere (not to be conf'used 

(Note: the baselines in the figure 

with the plasma sheet!), the very high density (n > LO 3 anw3) region near 

the earth that has already been extensively studied by various techniques 

(Taylor et al., 3.965; Carpenter, 1966; &erami and Carpenter, 1966); 

secondary electrons arising from these very high ion densities force the 

instrument into a peculiar mode of uperation (see Binsack, 1967, ayld 

vasyliums, 1968, for further discussion) . 
As illustrated by this exanple, five distinct regions can be iden- 

(1) the magneto- tified Tram the OGO-1 data near the equatorial plane: 

sheath, (2) the plasma sheet, (3)  the thin "boundary layer" at the inner 

edge of the plasma sheet, within which the electron fluxes decrease from 

the plasma sheet level to unobservable values, (4) the region on the 

earthward side of the plasma sheet, within which electron fluxes are 

undetectable with the OGO-1 instrument, (5) the plasmasphere, within 

which the instrument response is dominated by the dense positive ion 

effects and no useful electron observations can be made. 

marizes all the 0-1 observations during the fall of 1964 in terms of 

Figure 5 sum- 

these five regions: 

available {excluding observations near and beyond the bow shock) are 

shuwn projected on the SOW msgne.t;ospheric XY (eqmtorial) plane, with 

the type of line I (thick, thin, dotted, etc ) indicating to which region 

all portions of the orbits for which data are 



electrons observed at a given location are ascribed (blank spaces and 

gaps, l e t  me enrphasize, represent lack of Uta, not lack of electrons; 

the 030-1 data coverage is unf'ortunately far f r o m  complete). 

extent of the plasma sheet - its persistence over the entire loca l  time 

The general 

range scanned and its confinement between the magnetopause and an inner 

boundary'-is quite apparent. 

of the inner boundary is not fixed but varies over a considerable range 

of radial distaslces, f'rom 12 t o  5.5 Re. 

quite irregular; the plasma sheet may extend t o  less than 8 Re on one 

But it is also apparent tha t  the position 

Furthermore, th i s  variability i s  

orbi t  and t o  only ll Re on both the preceding and following orbits; there 

are even cases of multiple appearances and disappearances o f  the plasma 

sheet within one orbit, i.e. rmiLtiple crossings of the inner boundary. 

These facts strongly suggest that this variability reflects true temporal 

changes i n  the position of the plasma sheet, rather than some purely 

spatial. variation such as a local time dependence. 
Y 

If, then, the inner edge of the plasma sheet can be displaced from 

ll t o  6 Re, the question immediately arises whether any geomagnetic 

effects occur in  association with the appearance of intense low energy 

. electron fluxes at  such close distances. The first possibility that 

comes to  mind, that  close distances of the inner boundary a l l  occur dur- 

ing magnetic storms, turns out t o  be false; there is, in  fact, at  lease 

one case of a close-in boundary during one of the 10 quiet days of the 

month. A plot of the inner boundary positions against Kp, the standazd 

procedure in such a study, produces only the standard scatter 'diagram, 

with some indication of a possible weak trend for closer distances t o  

occur during times of higher Kp ( i t  should be noted that of 21 cases 
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available 16 have Xp values of' 2. or less and none have Xp greater 

than 4+, reflecting the very low general level of geomagnetic activity 

near solar nctnimum). 

J. P. Heppner (private communication) first suggested a search for 

an association between the close-in boundary positions and the occbzrence 

of bay activity in the auroral zones, particularly at observatories near 
I 

the same local time a8 the satellite; Eeppner and co-workers (Eeppner, 

1965; Heppner et al., 1967) have already established, using OGO-1 magneto- 

meter observations, that the sudden onset of a bay in the auroral zone 

near some meridian is accompanied by changes of the magnetic fleld.in the 

distant magnetosphere ne= the same meridian. Accordingly, I examined 

magnetogram from a nmber of auroral zone stations, in particular College 

(Alaska), Fort Churchill (Canada), Iuruna (Sweden), Dixon Island and Cape 

ChelyusMn (Northern Siberia), for times of all the G O - 1  inbound passes 

through the magnetosphere in 1964 for which data was available, The 

results ~LIU.Y confirm Heppner's hypothesis: in every case where the 

plasma sheet extends to distances < 9 Re, there is clearly identifiable 
bay activity; in every case where the plasma sheet terminates at its 

"normal" distance of 

quiet. 

radial distances of inner boundary crossings plotted against magnetic 

10-12 Re, the auroral zone magnetic field is 

The observations are surmnarized in Figure 6, which shcms the 

local time and identified by the occurrence or nowoccurrence of bays. 

There clearly appears to be a one-to-one correspondence between the two 

phenomena: 

sheet inward several Re from its quiet-time boundary. 

mag netic bays w e  associated with the extension of the plasma 



9. 
Let me illustrate this correlation with three examples, taken 

from three consecutive orbits: 

Figure 7 shuws the OGO-1 electron observations and the sirnultaeous 

magnetograms from Fort churchill and College for the October U42, 1964 

inbound pass. 

f r o m  moderately high latitudes and first enters the plasm sheet at a 

distance of approximtely 16.6 Re. Between 9.6 and 8.4 Re the electron 

At the beginning of the pass the satellite is descending 

3 

fluxes decrease to background level, beginning with the highest energy 

channel; except for the "spike" at 8.6 Re (0636 U.T. ), this looks in all 

respects like a noma1 crossing of the inner boundary, such as that In 

Figure 3, and one would have expected the fluxes to remain at background 

level for the rest of the pass duwn to Fs 4 Re. Instead, at 0645 U.T. 

appreciable electron fluxes suddenly reappear; for the next 35 minutes 

the electron fluxes, although highly fluctuating, on the average increase 

and shift to higher energies, i.e. the typical behavior while crossing 

the inner boundary but naw in reverse sequence; then at about 0720 U.T. 

the fluxes "settle down" to typical plasma sheet levels (but more intense 

than those earlier in the orbit) continuing to the end of data ckerage 

at 0805 U.T. (at a distance of 6 Re). 

V 

A look at the magnetograms at once clarifies this complex sequence. 

Conditions in the auroral zone are very quiet from the beginning of the 

pass until 0640 U.T., with a slight enhancement of activity a% Fort 

churchill beginning about 0530. 

before the first appe,arance of the unusua3. electron fluxes at the satellite, 

a negative bay begins with a very sharp onset at Fort Churchill, folluwed 

abmt 12 minutes later by the start of a positive bay at College; bay 

Then, at 0641 U.T., about three minutes 
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activity then continues past the time of perigee. This example strongly 

suggests that not only is the presence of plasma sheet electrons at close 

distances associated with the occurrence of a magnetic bay but also the 

first appearance of those electrons occurs close t o  the time of' the 

sudden onset of the bay. ( I t  should be pointed out that at  the time of 

onset the satellite and College are nearly on the same meridian, about 3 

hours west of midnight, while Fort Churchill is l h u u r  east of midnight, 

yet the closest time coincidence is between the satellite and Fort 

ChurchiU, the station shawing the earliest and sharpest onset, i n  spite 

of the 4 how separation in  local %%me). 

As the next example, Figure 8 shows the electron data together w i t h  

Kiruna and Dixon Island magnetograms for the October 14, 1964 inbound 

pass, only 64 hours later than Figure 7 and at nearly the same local 

time and the same magnetic latitude; the behavior of ioth the electrons 

and the magnetic field is, nevertheless, entirely different. A c q l e t e l y  

"normal" inner boundmy crossing at  10 Re, with fluxes i n  all channels 

then staying a t  background level for the (admittedly somewhat short) 

.I 

remainder of data coverage, is accompanied by absolute quiet i n  the 

aurora& zone. There oaly is a small negative H excursion a t  Dixon Island 

somewhat earlier (around 1900 U.T. ) which, interestingly, coincides approx- 

imately with an increase i n  electron flux new 1845 U.T. 

Finally, Figure 9 shows the next inbound pass, October 17, 1964, with 

magnetogram from College, Cape Ghelyuskin, and Dixon Island. The plasma 

sheet is i n  this  case observed continuously dawn t o  a distance of 6 Re 

and, indeed, there is marked bay activity throughout most of' the pass: 

a negative bay at  College, a positive bay at Dixon Island, and an 



"intermediate" bay that starts positive and turns negative, with a 

large excursion in the vertical component, a* Cape Chelyuskin (which 

thus is probably near the dividing line between positive and negatzve 

bays [cf . Sugiura and Heppner, 1965, pp. 41-45] ) . 
Two additional points about this example should be noted. First, 

the detailed structure of the inner boundary is more complicated than 

in the typical quiet-time case shown in Figure 3, with a well-marked 

second peak in the flux VS. radius curve (near 5.6 Re); I shall be say- 

ing more about this later on. Second, no unusual change in the character 

of the observations canbe seen at a distance corresponding to the quiet- 

time inner boundary, 10-ll Re. Now the appearance of intense fluxes of 

a few hundred ev to a few kev electrons at unusually close distances can 

be explained in two ways: 

the outside, i,e . the plasma sheet was actually displaced' inward, or else 
they were lcically accelerated from very law energies into the detector's 

energy range. In the latter case, hawever, one would still expect a 

change in the electron energy spectrum at the normal position of the 

either these electrons were brought in from 

% 

inner boundary, now separating the plasm sheet frm the locally accel- 

erated electrons, since there does not seem to be any reason why the 

spectra of these two different population8 should be identical. But, as 

just noted, no such chst;nge is apparent in Figure 9, nor in aqy of the 

other available bay-related observations. This, then suggests that the 

appearance of plasma sheet electrons at close distances during magnetic 

bays results f r o m  a gross inward motion of the plasma. 

the example of Figure 7, the average radial speed of this motion can be 

roughly estimated by assuming that the plasma sheet is displaced From 

Returning to 
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10 to about 6 Re during the period of fluctuating fluxes, 0645 to 0720 

U.T. (the observed upwazd shift of the spectrum during this period cer- 

tainly suggests that the boundary of the plasma sheet is passing over the 

satellite; the fluctuations may reflect a non-steady, oscillatory, com- 

ponent of the motion that may be due to the inductive effects recently 

discussed by Cladis, 1967). 

12 kq/sec. 

assuming a magnetic field of 207, is w 2.4 x lgo4 volts/m. 

This average speed then is $d 4 Re/34 min = 

The east-to-west electric field implied by this inward motion, 

If this 

field is assumed to exist across the entire magnetospheric tail (width 
5 2 x 10 hm), the potential drop across the tail (which then also exists 

across the polar cap) is R5 48 kw, in good agreement with the bay-tine 

polar cap potential drop of 30-50 kev quoted by &ford et al. (1965) and 

Axford (1966). 

To summarize, the OGO-1 observations shuw that the spatial distri- 

bution of law energy electrons undergoes a marked change at times of 

magnetic bays: 
'I 

the intense electron fluxes of the plasma sheet, which 

during quiet times are found only beyond a distance of 10-12 Re in the 

eqwtoria plane, during bays extend to distances as close as 5.5-6 Re. 

This change is most simply interpreted as the result of an inward motion 

of the plasma that appears to start nearly simultaneously with the onset 

of %he bay; the one estimate of the speed of this motion that could be 

made is consistent with present ideas about the polar cap electric fields. 

A schematic illustration of what happens to the plasma sheet during a 

bay is given in Figure 10. 

It is now of interest to go back to the data in Figure 5 and replot 

it, canitting observations made during periods of bay activity, so as to 
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obtain a picture of the electron distribution during quiet times, The 

result is shown in Figure ll; as can l~ow be seen, in the absence of bay 

activity the inner boundary of the plasma sheet appears to be a relatively 

smooth and well-defined surface Over the entire local time range covered 

in this study. 

The last topic I shall discuss is the detailed local structure of 

the inner boundary. The most characteristic feature of the inner boundary 

is the rapid dawnward shift of the peak in the energy spectrum with 

decreasing radial distance, as mentioned already in discussing Figure 3. 

To study this phenomenon in a more quantitative way, the electron density 

H, energy density U (proportional to the electron pressure), and position 

of the peak in the differential energy spectrum Eo were estimated as 

flmcti.ons og radial distance, starting deep within the plasma sheet and 

continuing inward for as long as the measured fluxes were above the back- 

ground level, for a nlnaber of inner boundary crossings; these quantities 

were calculated by fitting an assumed functional form of the electron 

distribution function, representing a broadly peaked thermal distribution 

with a power law high energy tail, to the measured currents in the four 

energy windows of‘ the detector (for a detailed description of the method 

and the assumed f’unctional form see Vasyliunas, 1968)* 

of the inner boundary structure thus obtained, for a geumagnetically 

quiet period (i,e. no bays), is shown in Figure 12. 

decreases going imard &cros8 the boundary, in agreement with the earlier 

qualitative inference. The density, however, is nearly constant and in 

fact slightly increases; the energy density decreases approximately 

exponentially with decreasing distance, as indicated by the solid line 

A typical e x q l e  

The energy Eo rapidly 



which represents U N exp (distance/O.k Re), 'i*e. a factor of 10 decrease 

in 1 Re. 

electrons that it at first sight appears to be but a shift of the elec- 

The inner buundary thus is not the disappearance of law energy 

trons to still lower energies, below the range of the detector; - at the 

inner edge of the plasma sheet there is a steeg electron pressure gradient, 

directed mtwa;rd from the earth, but only a weak density gradient that may 

be directed inward, The absence of a strong radial density gradient, it 

s h a d  be noted, is in agreement with the observation that the densities 

( 4V 1 found within the plasma sheet are comparable with the densi- 

ties at distances 5-7 Re, innnediately outside the plasmasphere, deduced 

by whistler techniques (carpenter, 1966 ; Angermi and Carpenter, 1966). 

!Fuming now to the structure of the inner boundary when it is f a d  

at much closer distances, during periods of magnetic bay activity, 1 

already drew attention in discussing the example of Figure 9 to the occur- 

rence of a second peak in the flux VS. radius c,urve* In a single e m p l e  

such a local peak mfght be interpreted as =rely a tempor&l fluctuation in 

the flux. 

indicating that it most probably represents a true spatial variation; in 

This feature, however, is found in all the cases studied, 

a typical inbound crossing of the inner boundary when it is at close dis-. 

tance, the measured flux first decreases rapidly (as it does during quiet 

times), then increases again, and finally decreases to background level. 

!Ibis is illustrated in Figure 13, which shows the measured signals as a 

function of distance for a number of inbound passes; for simplicity only 

two of the four energy channels, the highest and the lowest, are s h m .  

The tup four examples eclme from periods of bay activity; the flfth comes 

from a time at the end of a magnetic stom but with no identifiable bws; 



the bottom two cane f'rm quiet periods. 

at least one of the two energy ranges shwn is quite clear for a l l  the 

bay cases; in the ll/2/64 curve the flux of the higher energy electrons 

decreases to background at the normal position of the inner boundary, 

11 Re, but the low energy electrons linger dawn to 7 Re, possibly a storm 

effect; and there is a suggestion of a small peak in the law energy elec- 

tron flux inside of the inner boundary in one of the two quiet-time 

examples . 

The existence of two maxima in 

The variation of Eo, N, and U across the inner boundary during a bay 

is illustrated by the example in Figure 14, As can be seen, Eo first 

decreases rapidly, then increases to about half of the value it had within 

the plasma sheet, a d  finally decreases again. 

increases as Eo decreases, then decreases as Eo increases, and remains at 

about a constant value as Eo decreases agaa. 

still has the same simple structure it had in Figure 12: 

appruximately exponential decrease with decreasing distance at a rate which 

is a p e n t l y  slightly slawer than that in Figure I2 , (the solid line in 

Figure 14 represents the same rate of decrease as in Figure 3.2, while the 

dashed line represents U w exp (distance/0.6 Re), a factor of LO in 

1.4 Re). This behavior of the three qkntities is confirmed by another 

The density N now appreciably 

The energy density U, hawever, 

a monotonic, 

example, Figure 15 (the solid and dashed lines represent the same rates 

as in Figure 14). 
I 

To summarize, during quiet times the inner boundary of the plasma 

sheet, located at an equatorial distance % ll Re, is characterized by 

a steep electron pressure gradient, with a length scale of 

as well as a steep temperature gradient (to use the work "temperature" 

0.4 Re, 
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loose3y to refer to %he energy of the peak of the spectrum) but only a 

weak density gradient. During bay activity the boundary, now located 

at 

with a o d y  slightly longer length scsle of 25 0.6 Re, but now there is 

a more comrplicated density and temperature structure: wiShin the "boundary 

layer" defined by the pressure gradient, the tenperatme first decreases 

6 Re, is still characterized by the same electron pressure gradient, 

and then increases agajm while the density behaves in the upposite way; 

then the temperature decreases again, drupping below the energy range of 

the OGO-1 detector, while the density appears to remain constant or to 

decrease slightly. 
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Figure Captions 

Figure 1. Equatorial cut of the magnetosphere, shuwing the principal 

features of the luw energy electron population as established 

by various satellites. 

.Meridian cut of the magnetosphere, along the line CC' of 

Figure 1. 

Figure 2. 

Figure 3. OGO-1 data for a typical inbound pass near the dusk meridian. 

The four curves axe the currents measured in the four energy 

channels of the detector; the ordinate is an approximately 

logarithmic representation of the current, one division being 

a factor of e 3.  

are, r w ,  550-1800 ev, ~ O - 1 O 0 0 ,  180-550, 126-350 (see 

Vasyliunas, 1968 for a detailed description of  the detector 

response) . 
"azimuth" is the angle of the satellite above the ecliptic, 

pro3ected on a plane normal to the sun-ewth line. M indicates 

the approximate position of the magnetopause, 

Meridian plane projection of' the OGO-1 orbit corresponding to 

Figure 3, Dashed line: geomagnetic coordinates, Solid line: 

solar magnetospheric coordinatk (as defined by -9 Ness 1965). 

A "map" of the OGO-1 observations, projected on the solar 

magnetospheric equatorial plane (X axis toward the sun; Y axis 

The energy bandpasses of channels 1 to 4 

"S-E-P" is the sun-earth-satellite (probe) angle; 
Y 

Figure 4. 

Figure 5. 

normal to the earth's dipole and the sun-easth Une, pointing 

toward the dusk side). See text for errplanation. 
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Figure 6, Radial distances of observed crossings of the plasma sheet 

inner boundary, plotted against magnetic local tine. Presence 

or absence of bay activity at time of crossing is indicated. 

Figure 7. OGO-1 electron data and auroral zone magnetograms for the 

October ll-l.2, l9& inbound pass. 

Same as Figure 7, for October 14, 1964. 

Same as Figure 7, for October 17, 1964. 

Sketch of change8 i n  the spatial distribution of low energy 

electrons during magnetic bGs. 
Sarne as Figure 5 but omitting observations during periods of 

bay activityb 

Figure 8'. 

Figure 9. 

Figure 10. 

Figure U, 

Figure 12. Variation of electron spectral parameters across the inner 

boundary for the November 5, 1966 inbound pass. 

Currents measured i n  channels 1 and 4 as functions of radial 

distance for a number of inner boqlary crossings. The 

ordinate is the same as i n  Figure 3 but with origin shifted 

t o  the background level. 

Same as Figure 12, for October 17, 1964. 

Same as Figwre 12, for October 1, 1964. 

Figure 13. 

Figure 14. 

Figure 15. 
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